A central debate in neuroscience concerns whether different medial temporal lobe structures support different memory processes. Using three recognition memory paradigms for faces, scenes or words, we tested eight patients with hippocampal and varying parahippocampal damage, plus an extremely rare patient with focal perirhinal damage. Recollection impairment was uniquely related to hippocampal damage, regardless of material, whereas familiarity impairment was material-specific depending upon the damage locus within the parahippocampal gyrus.
Main
Ever since the first descriptions of the famous patient HM, individuals with medial temporal lobe (MTL) damage have been fundamental in delineating the brain regions supporting human memory. Patient studies offer crucial insights into causal brainbehavioural relationships, beyond the correlational information afforded by functional imaging in healthy participants. Nevertheless, many questions about the neural basis of amnesia remain unresolved 1 .
In particular, competing accounts have been offered to explain the impact of MTL damage on recognition memory, i.e. the capacity to discriminate between previously encountered versus novel stimuli. A central question relates to 'process-specificity' -whether distinct MTL structures support different processes underlying recognition memory, such as "recollection" (remembering the context in which a stimulus occurred; fundamental for free recall) versus "familiarity" (a feeling that a stimulus was encountered, without retrieval of contextual information). According to one such 'dual-process' framework 2 , recollection relies on the hippocampus (HPC), whereas the perirhinal (PRC) and parahippocampal cortices (PHC) in the parahippocampal gyrus, the two major sources of input to the HPC, support familiarity processes. This framework therefore predicts a double dissociation between memory processes following selective HPC vs. parahippocampal lesions. One opposing 'single-process theory' 3 , however, posits that recollection and familiarity reflect subjective expressions of memory traces of varying strength, i.e. familiarity results when weak memory traces fail to re-activate the associated contextual information that characterises recollection. This theory further proposes that MTL regions function as a single, integrated memory system, such that MTL damage affects both recollection and familiarity. If anything, smaller lesions (e.g. those selective to the PRC) should impair familiarity less than recollection, if stronger traces require a fully integrated MTL system 2 .
Studies assessing these competing predictions face several challenges. Firstly, there is no universally accepted method of separating recollection and familiarity estimates, so multiple methods are recommended. Secondly, selective HPC damage is rare 4 , and the term 'selective' or 'focal' is often used on the basis of visual ratings of structural MRI (as noted elsewhere 5 ), which does not allow for brain-behavioural correlations. Indeed, conditions associated with HPC amnesia, e.g. ischemia/anoxia, often also cause extra-MTL damage 6 . Thirdly, selective PRC lesions are even rarer still; only two cases (patients NB 7 and IR 8 ) have been reported. Across several experiments, NB showed deficits in familiarity but not recollection, supporting dual-process accounts. NB had damage in the left PRC, although it extended to the amygdala, entorhinal and anterolateral temporal cortices. Less is known regarding IR, who had right PRC damage and showed perceptual, in the absence of memory deficits. However, no MTL volumetry was reported, and the tasks were not designed to assess familiarity and recollection separately. Overall, given the potential confounds of case studies (impairment severity, measurement noise, individual differences 9 ), more cases with focal PRC lesions are required. Importantly, direct comparison with HPC patients is needed to provide a full double-dissociation, where all patients are tested on the same paradigms.
A second question about the role of MTL in memory concerns material-specificity 10 . For example, it has been suggested that PRC is important for recognising objects and faces, while PHC is important for scene recognition 2 . The HPC has also been claimed to be important for processing scenes 11 , though others have claimed that its role in memory is independent of material 12 . Since material-specific accounts may provide an alternative to dual-and single-process frameworks in explaining memory deficits following MTL damage 13 , and that previous dissociations between processes (e.g. recollection vs familiarity) could be confounded with material (e.g. faces vs scenes), it is important to examine recognition across different material types.
Here we present results from eight patients who suffered autoimmune limbic encephalitis. They all had HPC damage and varying degrees of parahippocampal damage.
Only one of those 8 patients had damage in PRC ('HPC+PRC+'; rest of patients: 'HPC+PRC-'). We also present an exceptionally rare case ('HPC-PRC+') with a focal lesion in the right PRC ( Figure 1 ). On standard neuropsychometry, all patients showed preserved semantic memory, language, visuospatial, motor, and executive function. Both PRC+ patients, but none of the 7 HPC+PRC-patients, showed impaired face recognition memory (Supplementary Table 1 ). Regarding HPC-PRC+, this was the only test in which he showed impaired performance.
None of our patients showed evidence of extra-MTL damage, acutely or post-acutely (see Methods). All patients, together with n=15 healthy controls ('HPC-PRC-'), were tested on three, more theoretically-focused memory paradigms. Each paradigm was designed to isolate recollection and familiarity in a different way, with the potential to provide convergent evidence. Furthermore, two of the paradigms were repeated on three material types, both verbal and nonverbal (words, unfamiliar faces and scenes). We could therefore test whether patients' memory performance dissociated according to process or material type. the four groups of interest: HPC-PRC-: healthy controls (n=15); HPC+PRC-: MTL patients with HPC atrophy extending in various degrees to other MTL structures but not the PRC (n=7); HPC+PRC+: single MTL patient with bilateral HPC and R PRC atrophy (n=1); HPC-PRC+ : single patient with focal right PRC damage; b: A series of coronal slices for HPC-PRC+, highlighting his lesioned right PRC and his spared left PRC, along with the rest of his spared MTL structures; c: volumes of L / R MTL structures for the 9 patients; z: volumes are expressed as z-scores, based on the mean and standard deviation of the volumes of the 48 healthy controls whose MTL structures were manually delineated (see [ 14 ] for details); atrophy/damage defined as a z<-1.96 relative to 48 age-matched healthy controls, reflecting significant volume reduction (p<0.05) for the manually delineated volume of the corresponding structure (dotted line Paradigm 1 was based on receiver operating characteristics (ROC) derived from confidence ratings on recognition memory (Supplementary Figure 1) . Paradigm 2 was based on a response deadline paradigm (RDP) and predicated on the selective reliance of recognition memory on familiarity at short response deadlines, in contrast with long response deadlines ( Supplementary Figure 2) . Paradigms 1 and 2 were repeated for unfamiliar human faces, unfamiliar natural scenes with high feature overlap, and visually presented, high-frequency words. Paradigm 3 was a (continuous) "source" recognition paradigm (SRP), in which participants saw objects superimposed on scenes, and assessed whether they had seen the object before (familiarity) and in which left-right position on the scene it had occurred previously (recollection) 15 (Supplementary Figure 3) .
In order to address the question of process-specificity, we started with composite measures of recollection and familiarity, collapsed across material types and paradigms While the selective role of HPC in recollection was clear, the case of familiarity was less so. The two PRC+ cases (HPC+PRC+ and HPC-PRC+) showed impaired familiarity relative to healthy controls (figure 2a), supporting a role for PRC in familiarity. However, this was driven by the differences in Paradigm 3 (figure 2j). Since familiarity in Paradigm 3 pertained exclusively to objects, whereas Paradigms 1 and 2 involved different material types, we next combined data across Paradigms 1 and 2 but split by material-type. We examined the relationship of volume reduction in different structures in the parahippocampal gyrus (ERC, PRC, PHC) with familiarity/recollection for different material types (faces, scenes, words). Figure 2 : familiarity and recollection estimates for healthy controls (HPC-PRC-) and patients collapsing across material types; a: collapsing across paradigms; Both PRC+ patients showed familiarity impairment relative to healthy controls (HPC-PRC+: t=3.48, p=0.004; HPC+PRC+: t=9.04, p=0000003), which was more pronounced than that of HPC+PRC-patients (HPC-PRC+: t=2.69, p=0.036; HPC+PRC+: t=8.86, p=0.0001). HPC-PRC+ showed preserved recollection (vs HPC-PRC-: t=0.43, p=0.675); HPC+PRC+ showed impaired recollection (t=2.46, p=0.028); HPC+PRC-patients showed impaired recollection (vs HPC-PRC-: t=2.97, p=0.008, d=1.49) and familiarity (t=2.48, p=0.022; d=1.17; two-way ANOVA: Group*Process: F=0.23, p=0.635, η 2 p=0.01); b: recollection correlated with HPC (L HPC: rho=0.80, p=0.010; R HPC: r=0.78, p=0.014), but not with L/R PHC/PRC/ERC volumes (all rs, |r|≤0.47, p≥0.203); c: familiarity did not correlate with L/R HPC volumes (all rhos, |rho|≤0.350, p≥0.356); d,g,j: HPC-PRC+ and HPC+PRC+ showed impaired familiarity in each paradigm. HPC+PRC+ showed impaired recollection (Paradigm 1: t=2.75, p=0.019; Paradigm 2: t=1.75, p=0.118; Paradigm 3: t=3.03, p=0.016; HPC-PRC+: all ts, |t|≤1.41; all ps, p≥0.195); d: Paradigm 1: Relative to healthy controls, HPC-PRC+ (t=2.40, p=0.035) and HPC+PRC+ showed impaired familiarity (t=3.09, p=0.010), but did not differ from HPC+PRC-patients (HPC-PRC+: t=1.63, p=0.153; HPC+PRC+: t=2.36, p=0.056); familiarity was not preserved in HPC+PRC-patients relative to recollection (Group*Process: F=1.16, p=0.296, η 2 p=0.06; Group: F=21.08, p=0.0003, η 2 p=0.55); g: Paradigm 2: Relative to healthy controls, HPC-PRC+ (t=3.00, p=0.017) and HPC+PRC+ showed impaired familiarity (t=3.35, p=0.010), but did not differ from HPC+PRC-patients (HPC-PRC+: t=0.69, p=0.517; HPC+PRC+: t=0.94, p=0.382); familiarity was not preserved in HPC+PRC-patients relative to recollection (Group*Process: F=1.87, p=0.193, η 2 p=0.12; Group: F=15.55, p=0.001, η 2 p=0.53); j: Paradigm 3: Relative to healthy controls, HPC-PRC+ (t=3.68, p=0.006) and HPC+PRC+ showed impaired familiarity (t=14.25, p=0.0000006) and larger impairment than HPC+PRC-patients (HPC-PRC+: t=3.60, p=0.023; HPC+PRC+: t=14.38, p=0.0001); familiarity was selectively preserved in HPC+PRC-patients (vs. HPC-PRC-: recollection: t=3.87, p=0.002, d=2.28; familiarity: t=0. 30 Table 1 ). This pattern dovetails with meta-analytical findings 4 on HPC patients' performance in neuropsychological tests of recognition memory for faces, as well as with our previous findings on a larger cohort of HPC patients, who showed group-level sparing of face recognition. 14 It also supports the idea that the PRC is engaged in processing faces and objects (see [ 10 ] for discussion).
For scene familiarity (figure 3g), HPC+PRC-patients were marginally impaired, and PRC+ patients did not differ from HPC+PRC-patients. Scene familiarity correlated with PHC volume across patients, whereas scene recollection correlated with HPC volume.
Likewise, for word familiarity (figure 3h), HPC+PRC-patients were impaired, and PRC+ patients did not differ from the HPC+PRC-patients (figure 3; Supplementary Figures 4,6 ).
However in this case, familiarity correlated with entorhinal (ERC) volume rather than PHC volume, consistent with findings from fMRI studies on healthy young adults 16 , structural MRI studies on healthy elderly adults 17 , as well as with single-case studies on ERC damage (patient MR 18 ). These relationships were replicated separately in Paradigms 1 and 2 (Supplementary figures 5+6). Thus the pattern that emerged was that familiarity deficits show material-specificity, likely because the deficit depends on the MTL structure that processes a certain material-type, in accordance with the differential connectivity of the PRC and PHC with the ventral and dorsal visual processing streams, respectively 19 .
By contrast, recollection correlates with HPC volume regardless of material-type, perhaps since recollection requires binding any type of material to a context representation 20 . Figure 3 . patients' z-transformed recollection (a-d) and familiarity (e-h) estimates for the different material types collapsing across Paradigms 1 and 2; a,e: collapsing across material types and the two Paradigms, recollection selectively correlated with HPC volume (PHG volume: r=0.26, p=0.503; HPC vs PHG volume: z=2.13, p=0.017), whereas familiarity selectively correlated with PHG volume (HPC volume: r=-0.10, p=0.799; PHG vs HPC volume: z=1.68, p=0.047); b-d: across material types, recollection estimates correlated with HPC volumes, but not with L/R ERC/PRC/PHC volumes (all rs, |r|≤ 0.48; ps, p ≥0.194); f: face familiarity -both PRC+ patients underperformed relative to HPC+PRC-patients, none of whom showed impairment (z > -1); g: scene familiarity: the two PRC+ patients did not differ from the HPC+PRC-patients (both ts, t ≤0.79 ; ps, p ≥0.459), whereas the HPC+PRC-patients showed impaired performance relative to healthy controls ( Supplementary Figure 4) ; scene familiarity correlated with L PHC volumes (R PHC: r = 0.58, p = 0.101), but not with L/R HPC (both rs/rhos, |r/rho| ≤0.18; ps, p ≥0.637) or with L/R ERC/PRC volumes (all rs, |r| ≤0.31; ps, p ≥0.411); h: the two PRC+ patients did not differ from the HPC+PRC-patients in word familiarity (both ts, t≤0.68; ps, p ≥0.522), whereas the HPC+PRC-patients showed impairment relative to healthy controls (Supplementary Figure 4 Table 1 ). All 9/9 patients participated in Paradigms 1 and 2, and 7/9 patients participated in Paradigm 3 due to scheduling conflicts.
Healthy Controls
15 healthy controls (8M:7F; age at behavioural assessment: mean = 62.11; SD = 6.02 years; education: mean = 13.13, SD =1.77 years) matched for age, sex and years of education with the patient group were recruited through local advertisement (patients vs controls: age: t = 0.66, p = 0.515; M:F ratio: χ 2 = 1.43, p = 0.231; education: t = 1.39, p = 0.179). They were all native speakers of English, with no known psychiatric or neurological disorders.
Due to scheduling conflicts and technical errors, 12/15 healthy control datasets were available for Paradigm 1; 9/15 for Paradigm 2, and 9/15 for Paradigm 3.
All participants provided written informed consent according to the Declaration of Helsinki. Ethical approval was received from South Central Oxford Research Ethics Committee (REC no: 08/H0606/133).
Brain Imaging

Scanning procedures
We acquired 3D T1-weighted MRIs for all 9 patients (Siemens 
Manual volumetry
Manual segmentation of MTL structures (left / right TPC, AMG, ERC, PRC, and PHC) was conducted in native space (using ITK-SNAP 35 ) by a trained researcher (ARF) according to segmentation procedures based on published atlases and protocols 36, 37 , described in 38 . We also calculated the volume of the left and right parahippocampal gyri by summing the left and right ERC, PRC, and PHC, respectively. The volumes of all structures were corrected for total intra-cranial volume (TIV), calculated from the unified segmentation procedure in SPM12 and expressed as z-scores based on the mean volume and SD of a group of 48 healthy controls (age: median = 64.85; IQR = 15.56 years; sex: 23M:25F).
Overall, the patient group did not differ from the group of 48 healthy controls in terms of M:F ratio (7M:2F; χ 2 =2.71, p = 0.100) or age at research scan (median = 56.93; IQR = 11.78; U = 148, p = 0.142).
Whole-brain Voxel-based Morphometry (modulated grey matter)
In order to ensure that none of our patients presented with GM volume reduction beyond the MTL, we conducted a series of VBM analyses, contrasting each patient's whole-brain modulated GM tissue maps (reflecting GM volume) against those of 67 datasets of healthy controls, previously presented in 14 The diffeomorphic anatomical registration through the exponentiated lie algebra (DARTEL) toolbox was applied to participants' GM, WM, and CSF to refine inter-subject registration, and study-specific GM templates were generated 39 . After affine registration of the GM DARTEL templates to the tissue probability maps in MNI (Montreal Neurological Institute, Quebec, Canada) space, non-linear warping of GM images was performed to this template in MNI space. Voxel values in the tissue maps were modulated by the Jacobian determinant that was calculated during spatial normalisation, with modulated GM images reflecting tissue volume. These images (voxel size: 1 mm 3 isotropic) were smoothed using a large Gaussian filter of 12 mm FWHM, as recommended for unbalanced designs 40 . In a series of analyses, we compared GM volume between each single patient and the group of 67 healthy controls (contrast: 'healthy controls > patient'; second-level between-subject covariates: age, sex, TIV, study). As appropriate for casecontrols designs, equality of variance was assumed 41 . We examined clusters surviving whole-brain FWE-correction (p<0.05) at peak-voxel level over p<0.001 (uncorrected).
Volume reduction was not detected in any patient beyond the MTL.
Behavioural Paradigms Paradigm 1: ROC
The first paradigm was based on a paradigm that examines receiver-operating characteristics (ROC) derived from the distribution of confidence responses across previously and newly encountered items, enabling the dissociation of recollection and familiarity processes [see 42, 43 for methods]. It has been employed in several studies that examine the impact of MTL damage on recognition memory [e.g. [44] [45] [46] ]. We examined whether impairment in recollection and familiarity for different memoranda is associated with damage in the HPC and the parahippocampal gyrus.
Stimulus Materials
Three stimulus types were used: faces, scenes, and words.
Faces
We used 160 pictures (targets: n=80;foils:n=80) of unknown Caucasian faces (front view) from the Face Database 47 , presented in the centre of the display (17 cm wide, 11 cm tall).
These were faces of individuals from a broad age range (18-91 years of age). The pictures involved a neutral grey background provided by a portable projection screen. All photos were taken under natural lighting. The target and foil faces were matched for age (targets: M = 61.50, IQR = 48.00; foils: M = 58.00, IQR = 45.50; U = 3196.50, p = 0.991) and for M:F ratio (targets: 24:56; foils: 26:54; χ 2 = 0.12, p = 0.73).
Scenes
We also included 160 pictures of natural landscapes (targets: n = 80; foils: n = 80), presented in the centre of the display (17 cm wide, 11 cm tall) that were i) not identifiable / known; ii) with no sign of manmade features (buildings, objects), or of people or animals. These images were taken from the royalty-free platform Shutterstock foils: U = 1653.50, p = 0.521) [see 49 for details on ratings of concreteness, imageability, familiarity, age of acquisition, arousal, and valence].
Procedure
The experiment was written in Matlab, using the Psychophysics Toolbox (v.3) extensions [50] [51] [52] . Each participant was tested in a quiet room. The session lasted approximately 45 minutes. The order of trial blocks is illustrated in Supplementary Figure 1 . Each stimulus was first presented to participants in the encoding phase, before testing in the recognition memory phase. In both the encoding and test phases, each trial started with the presentation of a fixation cross for 0.5 seconds at the centre of the display, replaced by a stimulus. In the encoding phase, participants were asked to judge if each stimulus was "pleasant", "neutral" or "unpleasant". Word stimuli were presented for 3 seconds, and face and scene stimuli for 4.5 seconds, irrespective of participants' response latencies. In the test phase, participants were asked to judge whether the presented item had been previously encountered in the encoding phase on a 6-point confidence scale (1=definitely new; 2=probably new; 3=maybe new; 4=maybe old; 5=probably old; 6=definitely old), in a self-paced fashion. This phase included all of the stimuli that had been previously presented in the encoding phase (targets), along with an equal number of novel stimuli (foils). Participants were asked to make full use of the confidence scale. Based upon extensive piloting, we equated levels of difficulty across material types, using two encoding and, correspondingly, two test phases for scenes and faces, but one encoding and one test phase for words. Moreover, the encoding phase for words was positioned at the beginning of the session, and the recognition phase for words at the end, similar to other studies [e.g. 5 ]. The order of blocks was kept constant across participants, in order to enable the comparison of the single cases (HPC-PRC+, HPC+PRC+) with healthy controls and HPC+PRC-patients. As mentioned above, faces and scenes also remained on the display 1.5 seconds longer than words. Indeed, parameter estimates for healthy controls did not differ across the three material types for either recollection (one-way repeated-measures ANOVA; independent variable: Material(3); F=0.322, p=0.728, η 2 =0.028; pair-wise t-tests: all ts, |t| ≤ 0.759; all ps, p ≥ 0.464) or familiarity (F=0.773, p=0.474, η 2 =0.066; pair-wise t-tests: all ts, |t| ≤ 1.23; all ps, p ≥ 0.244), suggesting that the three material types did not differ with respect to difficulty.
A filler task was also introduced in a series of blocks interspersed within the session, in order to minimise the influence of working memory, as well as to amplify forgetting between encoding and test phases. In each trial, two numbers were presented side-byside at the centre of the screen. Participants were required to answer a question below those two numbers, asking participants to decide which of the two numbers was higher or lower. Participants selected '1' for the number on the left, '2' for the number on the right, or '3' if the two numbers were equal. Participants were given 3 seconds to respond, before the new trial started.
Behavioural Data Analysis
The behavioural results were analysed with a dual-process dissociation algorithm, which takes into account the distribution of responses (confidence judgments) to derive a single value of recollection and familiarity for each participant 53 
Paradigm 2: RDP
A second paradigm was also used to provide estimates for recollection and familiarity for faces, scenes, and words. This paradigm was based on a response deadline paradigm (RDP) and predicated on the selective reliance of recognition memory on familiarity in short response deadlines, in contrast with long response deadlines. 46 The paradigm was administered in two separate sessions, one including a short response deadline (800 ms), and another involving a long response deadline (2,400 ms). The session including the long response deadline was administered first across participants on different days, with a minimum of a 5 days' delay between the two sessions, so as to prevent interference from the first session in the second session. Patients and healthy controls did not differ in the delay between the two sessions (Patients: M = 14; IQR = 227 days; healthy controls: M = 14; IQR = 122.50 days; U = 38, p = 0.861). Moreover, we ensured that the first session of the RDP was administered on a different day from the ROC, with a minimum of a 1 day's delay across participants. Healthy controls and patients did not differ on the length of the delay between the ROC and the first RDP session 
Stimulus Materials Faces
We used a total of 120 faces (Short Deadline Session: targets: n=30;foils:n=30; Long targets vs. foils: U = 220.5, p = 0.468) ; ix) mean ratings of arousal levels (targets: mean = 4.54, SD =1.05; foils: mean = 4.31; SD = 0.94; targets vs. foils: t = 0.77, p = 0.443); x) mean valence ratings (targets: M = 5.47, IQR = 1.04; foils: M = 5.49; IQR = 0.81; targets vs. foils: U = 242.0, p = 0.809) [see 49 for details on ratings of concreteness, imageability, familiarity, age of acquisition, arousal, and valence]. The same words were presented in the two sessions.
Procedure
Stimulus presentation and data logging were programmed using the Psychophysics Toolbox (v.3) extensions [50] [51] [52] . The encoding phase of the paradigm involved 3 blocks (faces, scenes, words) of 30 trials each. Participants were asked to rate each stimulus according to pleasantness ('Unpleasant', 'Neutral' or 'Pleasant'). They had 3 seconds to rate pleasantness of words, and 4.5 seconds to rate pleasantness of faces and scenes. In the retrieval/test phase, participants were required to judge if the item presented on the screen was previously encountered in the encoding phase (pressing '1' for 'Old') or not (pressing '9' for 'New'). The items were presented over 60 trials, broken down into 6 blocks of 10 trials with breaks after each block.
In each trial, a fixation cross was first presented, followed by the item, which was presented for either 400ms (short response deadline) or 2000 ms (long response deadline). The participant was required to observe the item (face, scene, word) without responding. The item was then bordered in a blue square for 400 ms, during which time the participant was required to provide their response by pressing the 'OLD' or the 'NEW'
button. An error noise was triggered for responses generated before the onset or after the offset of the response window.
For the same reasons as those described for the ROC above, a series of blocks of filler trials were interspersed within the session, comprising 20 trials each, with a response window of 3 seconds per trial. Participants were presented with two numbers on the screen, and were asked to select which number was the highest or the lowest. They pressed the 'left' (arrow to select the number presented on the left side of the display, and the 'right' arrow for the number presented on the right side of the display. Participants pressed the 'down' arrow to respond that the numbers were equal. The session structure is presented in Supplementary Figure 2 .
Behavioural Data Analysis
Participants' sensitivity indices (d') in the short deadline session were derived, reflecting a familiarity estimate. The increase in d' in the longer deadline relative to the short deadline was assumed to rely on recollection, similar to other studies using the RDP 46 .
Paradigm 3: SRP
We used the Source Recognition Paradigm (SRP) as reported in [ 15 ] . The SRP is a continuous source monitoring paradigm, in which foreground objects are presented on background scenes. Each object-scene pair is presented twice: on one half of the repetitions, the object switched its left-right location on the scene. On each trial, participants make a three-way decision of: "new" (first time object-scene pair seen), "stay" (second time pair seen, with same object location) and "move" (second time pair seen, but object location switched). This paradigm may be seen as providing more direct, objective measures of recollection and familiarity, since it does not rely on inferences based on subjective confidence or response speed.
Stimulus Materials
A colour photograph of an object was superimposed on the left / right side of a colour photograph of a background scene ( Supplementary Figure 3) . 246 object-scene pairs were randomly divided into two blocks with unique stimuli. The 123 stimuli were shown twice within a block. In their first presentation, half of the objects were randomly assigned to start on the left, and the other half on the right. In their second presentation, 61 of the object-scene stimuli were randomly assigned to the "stay" condition and the other 62 were assigned to be in the "move" condition. See 15 for further details.
Procedure E-Prime 2.0 was used for stimulus presentation and response data logging. Participants were instructed to respond "new", "stay" or "move" using their left index finger, right index finger, or right middle finger, respectively. Each object-scene pair was presented in the centre of a grey screen (800 ms), with instructions for the button-to-finger mapping displayed at the bottom of the screen. A green fixation cross was overlaid on the centre of the screen. A button-press response was required for each trial before the onset of the following trial. If a response was made during the object-scene presentation, then the following object-scene was presented prior to a random interval (50-100 ms) after stimulus offset, during which the fixation changed to a red circle to prepare participants for the following trial. If no response was detected, a grey screen with red fixation circle remained until the response was given, followed by the same random interval.
Behavioural Data Analysis
Multinomial processing tree (MPT) models were used to parameterise Item and Source memory, based on the 9 response categories involved in fitting those MPTs: i) Stay trials called "Stay" (Correct source); ii) "Move" (Incorrect source); iii) "New" (misses); iv) Move trials called "Stay" (Incorrect source); v) "Move" (Correct source); vi) or "New" (misses); vii) New trials called "Stay" (False Alarm); viii) "Move" (False Alarm); ix) or "New" (Correct Rejection). We derived separate estimates for Item (Di) and Source memory (Ds) based on the Source-Item model, which makes the assumption that two memory processes contribute to memory in an exclusive fashion. (see [ 15 ] for further details).
Between-groups differences in Di and Ds values did not differ substantially when using the Item-Source model, which makes the assumption that Source Memory is a subset of Item Memory, possibly subserved by a single memory process.
Statistical Analysis
For each paradigm and condition, patients' familiarity and recollection estimates were ztransformed on the basis of the mean and SD of the corresponding estimates of healthy controls. We subsequently examined whether i) PRC+ patients showed lower familiarity estimates relative to healthy controls and the HPC+PRC-patients by separately comparing HPC-PRC+ and HPC+PRC+ with healthy controls as well as with HPC+PRCpatients using appropriate comparisons for case-controls designs [55] [56] [57] ; ii) HPC+PRCpatients showed lower recollection and/or familiarity estimates relative to healthy controls; iii) recollection and familiarity estimates were a function of HPC, or parahippocampal volumes across patients. 
Data availability
Behavioural data will be made publicly available post-acceptance at: https://osf.io/a82ht/?view_only=3e3c4a4d84b545fab18e79ec604a0c36
